This cross-sectional study analysed the frequency and severity of work stressors and job satisfaction at workplaces in relation to work-related non-fatal injuries amongst a sample of petrochemical workers in Taiwan. The study participants consisted of 568 cases injured on the job between 1991 and 1997, and 954 injury-free controls matched to cases on frequencies of age, sex and work site. After adjusting for potential confounders, we found that cases were more likely than controls to report stressors with a higher frequency [odds ratio (OR) = 1.4, 95% confidence interval (CI) = 0.9-2.0] and a more severe reaction (OR = 1.3, 95% CI = 0.9-1.8). The dose-response analyses further indicated that the OR of injury was monotonically associated with stress reaction only (P for test for trend of ORs = 0.02). Job satisfaction, though, was unrelated to non-fatal injury. Although the cross-sectional nature of our study precludes a causal inference between stress reaction to stressors and risk of developing non-fatal injuries, our results tend to suggest that the severity of stress reaction is more associated with occupational non-fatal injury than is the frequency of stress or job dissatisfaction.
Introduction
An increasing number of studies have considered psychological characteristics as one of the most pervasive and influential health hazards in the work environment [1] [2] [3] . Among the psychological characteristics, work stress and job dissatisfaction are the two factors most frequently found to be associated with various adverse health outcomes [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . Workers with stressful job content may report mental health problems more frequently, including psychiatric morbidity [4, 5] and psychosocial somatic complaints [6, 7] , as well as physical health problems including chronic cardiovascular diseases [8] , musculoskeletal pain [9] [10] [11] , and gastrointestinal and respiratory disorders [11] . In addition, job dissatisfaction is also found to be associated with almost all of the abovementioned mental and musculo-skeletal problems [8] [9] [10] [12] [13] [14] . The scientific evidence tends to show that both job stress and dissatisfaction can result in physiological and psychological alterations that may increase the likelihood of developing physical and mental problems.
In regard to studies of physical and mental problems and their relationship to psychological characteristics in the work environment, insufficient attention has been given to that between psychological factors, especially job dissatisfaction, and the risk of occupational injury. Although the literature suggests that stressful jobs or increased severity of occupational stressors may add to the risk of occupational injury [15] , little attention has been paid to the relationship between the frequency of stressors and the risk of occupational injury. The frequency and severity of stressors should be analysed separately as they represent two different aspects of stress. For example, the most frequently reported stressor may not be perceived as the most severe stressor in the work environment [16] . This study addressed the question: are odds ratios (ORs) of job stressor frequency, job stress reaction and job dissatisfaction higher in workers with non-fatal injury than in workers free of injury?
Subjects and methods

Study design and participants
We conducted a cross-sectional survey of a sample of employees of the Chinese Petroleum Corporation (CPC). The selected sample consisted of 568 workers (cases) compensated for at least one non-fatal injury on the job between 1991 and 1997, and 1136 workers free of injury (controls) during the same period. Controls were randomly selected from a cohort of 24 103 CPC workers with a control/case ratio of two and a frequency matching to cases on age, sex and work-site. In the survey, conducted between December 1998 and March 1999, 433 cases and 954 controls completed the questionnaire survey with response rates of 76.2% for cases and 84.0% for controls. Non-responses were due to either refusal (n = 299) or retirement (n = 18). The 433 cases experienced a total of 570 episodes of non-fatal injury. Table 1 shows the causes of injury for the 570 episodes.
Job Stressor Source Inventory, Job Stress Reaction Inventory and Job Satisfaction Scale
The Job Stressor Source Inventory (JSSI), the Job Stress Reaction Inventory (JSRI), and the Job Satisfaction Scale (JSS) were used to assess an individual's exposure to frequency of stressors, severity of stressors and level of job satisfaction, respectively. These three instruments were developed in reference to the conceptual framework of 'facet analyses' by Foa [17] and of 'occupational stress indicators' by Cooper [18] . The 99-item JSSI covers various potential categories of stressors, including physical working environment, role in the organization, career goal, relationships at work, and organizational structure and climate. It assesses an individual's exposure to the frequency of stressors in the work environment with a score between 0 (no stressor sources) and 297 (maximum frequency of stressor). The 20-item JSRI primarily assesses the participant's perception of severity of stressors or stress reaction, incorporating various categories of symptoms potentially caused by stress; they include physiological, psychological and behavioural symptoms. The JSRI scores ranged from a minimum of 0 (least stress reaction) to a maximum of 60 (most severe stress reaction). Finally, the 12-item JSS assesses an individual's perception of job satisfaction at work. These items can be categorized into factors related to organization, career and job insecurity. The score for the lowest job satisfaction was 0 and the highest was 36.
The three inventories described above have been tested for reliability in a previous study of 1004 workers employed in steel manufacturing, the petrochemical industry and electronics manufacturing [19] . Cronbach's alpha for the JSSI, JSRI and JSS was 0.98, 0.90 and 0.90, respectively, while the respective Spearman-Brown's split half reliability coefficient was 0.93, 0.86 and 0.91. Cronbach's alpha coefficient estimates the intercorrelations among the items on a measurement, while the Spearman-Brown split half reliability indicates how comparable the results would be if the measurement had been split into two component versions [20] . Because the reliability coefficient shows the ratio of true score variance to observed score variance, the reliability coefficients for the three inventories (mostly >0.9) indicated that only <10% of the observed score variance was due to measurement error. A panel of experts also verified the validity of the three inventories [19] .
Data collection and potential confounders
Each study participant was asked to complete a questionnaire containing the JSSI, JSRI and JSS. In addition to the JSSI, JSRI and JSS, we also interviewed the participants regarding various potential determinants of occupational injury. These included demographic characteristics (age, sex, marital status and education), work history and conditions (year of employment, shift work and workload), lifestyle (cigarette and alcohol consumption, exercise, leisure time activities and sleep hours) and health status (perceived health status and number of chronic conditions suffered). These potential determinants of occupational injury were considered potential confounders and adjusted in the multivariate analyses.
Statistical analysis
The independent association of stressor frequency, stress reaction and job satisfaction with occupational non-fatal injury was assessed using the multivariate logistic regression model with adjustment for potential confounders.
For the frequency of stressors, we first used the median score of controls to categorize stressor frequency into two groups, i.e. <median and ≥median, to compare the odds of higher stressor frequency between cases and controls. Second, we divided stressor frequency into quartiles based on the distribution of score for stressor frequency among the controls. For each of the upper three quartiles, the ORs of non-fatal injury were calculated with respect to participants in the lowest quartile. The dose-response relationship between stressor frequency and non-fatal injury was assessed in the multivariate logistic regression model by fitting a term for stressor frequency coded 1-4. The same statistical procedure was applied to the analyses of stress reaction and injury association as well as to the analyses of job satisfaction and injury association. Statistical analyses were performed with SAS ® [21] .
Results
More than 60% of the 570 episodes of compensated injuries were related to traffic accidents (Table 1) . Among non-traffic-related injuries, fall/trip was the most common cause. Table 2 shows demographic characteristics between cases and controls. Cases agreed favourably with controls with respect to all demographic characteristics. A majority of the study participants were males, married, Buddhists, principal family income earners and with at least a high school education. Most study participants were aged between 40 and 49 years of age, weighed between 60 and 79 kg, and were between 165 and 174 cm tall. Table 3 shows ORs for non-fatal injury in relation to the frequency of stressors. Cases had a higher stressor frequency than controls [OR = 1.4, 95% confidence interval (CI) = 0.9-2.0]. When stressor frequency was categorized into quartiles, ORs of injury were also moderately increased (30 and 50%, respectively) for participants with a stressor frequency in the top two quartiles. The above stressor frequency and injury associations were compared with null due to the limited number of cases with higher stressor frequency. There was no significant stressor frequency gradient in the ORs of injury. Table 4 shows the ORs for non-fatal injury in relation to stress reaction. Compared to those with less severe stress reaction, the participants with a stress reaction score equal to or greater than the median score experienced a moderately elevated OR of 1.3 (95% CI = 0.9-1.8). When the stress reaction score was categorized into quartiles, participants in the three upper quartiles all showed moderately elevated ORs, ranging from 1.2 to 1.4, compared with participants in the reference quartile, i.e. <25th. Apart from the null association between stress reaction and injury, the test for trend of ORs disclosed a significant increase in the OR of injury with increasing stress reaction (P value for test for the trend of ORs was 0.02). Table 5 shows a weak negative relationship between job satisfaction and OR of injury. There was no significant evidence of a linear trend between job satisfaction and OR of injury.
Discussion
Stress is a common biological response to a wide range of unpleasant sensory or psychological experiences [17, 18] . This study examined the relationships between two stress-related facets, i.e. frequency and severity of stressors in the work environment and non-fatal injury. Results suggest a stronger linear association of non-fatal injury with severity of stressors than with frequency of stressors. Although work stress and job dissatisfaction have been considered intercorrelated [3, 22] , our findings indicate that job dissatisfaction alone showed no significant association with non-fatal occupational injury.
A literature review of 20 studies measuring the relationship between occupational stress and occupational injury showed that ORs ranged from 1.0 to 4.6 in 17 studies [15] . The other three studies all had OR <1. Although lacking statistical significance, our findings were consistent with findings in most previous studies, showing positive associations between stress and occupational injury. However, methodological differences in assessing stress limited the comparison between our results and other studies. In the literature, a variety of stress-related factors, such as ergonomic stress, physical demands, physical environment, job satisfaction, life events, social organization and work schedule, were used individually or in combination for stress measures [15] . The stress c Minimum score = 0, 25th score = 11, 50th score = 30, 75th score = 69 and maximum score = 242. c Minimum score = 0, 25th score = 0, 50th score = 3, 75th score = 8 and maximum score = 54. c Minimum score = 0, 25th score = 17, 50th = median score = 22, 75th score = 25 and maximum score = 36.
measure used in the study is a summary index incorporating physical working environment, role in the organization, career goal, relationships at work, and organizational structure and climate. In addition, the incomparability of injury measures among studies also limits the comparison of findings. Most of the studies did not precisely define the measures of 'injury'. Some studies include 'illness' and 'injury' in the outcome measures [23, 24] , while other studies used 'events' or 'accidents' such as aeroplane, bus and motor vehicle crashes as a measure of injury without stating whether an injury occurred [25] [26] [27] . In this study, cases were retrieved from the company compensation records for 'injury' or 'illness' caused by 'accidents' on the job. In addition to differences in the definitions of stress and injury, a wide range of occupations were represented in previous studies. Only one study examined stress and injury specifically for petrochemical workers [28] . Despite a lack of comparability among studies, this study does present certain strengths in methodology. First, we clearly defined 'stressor' and 'stress reaction' in the study and evaluated their respective association with non-fatal injury. 'Stressors' refer to the presumed causes of stress, such as conditions in the physical, psychosocial or organizational environment. 'Outcomes', on the other hand, are termed 'stress reaction' or 'strain', which are the effects of stressors [15] . The most frequently occurring stressor might not be the most severe one. There is little consensus or consistency in the literature regarding the interpretation of the terms 'job stress' or 'stress'; the terms may refer to causal factors or outcomes [29] . Also, the issue of 'stressor frequency' was rarely discussed in studies on the effect of 'stress reaction' [16] . The precise definition of 'stressor frequency' and 'stress reaction' allowed this study to assess separately the association between non-fatal injury and both the frequency and severity of occupational stress. Second, with only a few exceptions that specifically related job dissatisfaction to occupational injury [30] , most studies considered job dissatisfaction as an integrated part of stress measures. Although low job satisfaction has been considered a predictor for various health outcomes such as physical morbidity [9, 14] , mental health [13] and perception of illness [8, 12] , our findings suggested no association between low job satisfaction and non-fatal injury.
Apart from the methodological strengths, there were a number of methodological concerns that could limit the interpretation of the findings from this study. First, 24% of cases and 16% of controls originally selected for the study declined to complete the questionnaire survey. Bias due to non-response may affect our findings if the proportion of higher stress reaction for the study participants was different from that of the non-participants. Second, the cross-sectional design is such that the cases must provide information on their current exposure to stress frequency, perception of stress reaction and level of satisfaction in the work environment, rather than their perception of occupational stress and dissatisfaction prior to the injury, which may have been many years ago. From this perspective, causal inference between stress reaction and risk of injury was not possible, since change of the perception of stress reaction and job dissatisfaction over time might be differential between cases and controls. On the other hand, the null association of injury with stressor frequency or job dissatisfaction could also be contaminated by information bias if the likelihood of misclassification of exposure information differed between cases and controls [23] . Third, we used a summary index as the measure of stress reaction and assessed its relationship with a wide range of 'accidents'. Such an approach limits the interpretation of the relationship between exposure to a specific stressor and the specific injury caused by that stressor. Fourth, because more of the controls (39%) had attended college or higher education than the case group (29%), controls were more likely than cases to be white-collar workers who were generally less susceptible to injury on the job. The non-comparable type of job content, which was also an integrated part of the stress measure in this study, between cases and controls might explain to a certain extent the observed association between stress reaction and non-fatal injury. Because we did not collect detailed information on an individual's job content, we were unable to explore further the role of job content in the observed findings. Finally, because we were not allowed to identify individuals with respect to their causes of injury at the time of interview, we were not able to assess the respective association of occupational stress and job dissatisfaction with traffic-related or nontraffic-related injuries.
Given a large annual number of non-fatal injuries, which usually lead to adverse health outcomes (e.g. physical disability) and monetary losses (e.g. health-care expenses), our findings may have important implications in Taiwan. Some 32 000 non-fatal injuries result in compensation in Taiwan every year, giving an average annual incidence rate of non-fatal injuries of 3.8 per 1000 workers in the past 5 years, a number almost 25 times greater than that for work-related fatal injury [31] . There is substantial controversy concerning stress management at the work-site. Recently, several health-promotion and stress-reducing activities, such as exercise programmes and alcohol substance abuse counselling, have expanded rapidly [32] . Research suggests that the value of stress management intervention can range from employee safety and welfare to more general societal benefits, including reduced health-care costs, legal costs and lower costs for goods and services [33] . Although the cross-sectional nature of our study precludes a causal inference between stress reaction to stressors and risk of developing nonfatal injuries, our results tend to imply that the severity of stress reaction is more associated with occupational non-fatal injury than is the frequency of stress or job dissatisfaction.
